Introduction
The testis is a pair of oval-shaped organs which are found in the scrotal sac and situated directly behind the penis, in front of the anus [1] . It is a part of the male reproductive organ that is responsible for the production of male gametes through spermatogenesis and the secretion of male sex hormones via steroidogenesis. The testis The seminiferous tubules are the site for spermatogenesis while the interstitial compartment is the site for steroidogenesis [2] . The hypothalamo-pituitary-testicular axis regulates the testicular Objective: To examine the effect of Cissus populnea root on testicular function of male Wistar rats. Methods: Twenty albino male Wistar rats [(100.0 ±25.5) g] were selected into four groups randomly. The control group were administered 0.20 mL of distilled water while the other groups received 0.05 mL, 0.10 mL, and 0.20 mL/kg body weight of ethanol infusion.
Oral administration was done using oropharyngeal cannula once daily for 14 days. Animals were thereafter sacrificed on day 15. Data obtained from this study were analysed using oneway analysis of variance (ANOVA) with multiple comparisons, post-hoc Tukey HSD was subsequently used and values at P<0.05 were considered statistically significant. Results:
There were significant increases in serum testosterone, testes-body weight ratio, luteinising hormone and follicle stimulating hormone, respectively, compared with those in control group.
Similarly, increase in acid phosphatase, alkaline phosphatase, protein, glycogen and cholesterol levels were more significant compared with those in control group. Conclusions: The findings of this study reveals enhanced secretions of the sex hormones and other indices at 0.05 mL/kg body weight administration of Cissus populnea root ethanol infusion. However, dosages exceeding 0.05 mL/kg body weight gradually depletes the level of reproductive indices assayed for in this current study. Therefore, caution must be taken when consuming ethanol infusion of Cissus populnea root above the dosages used in this current study. functions, and this comprises pituitary gonadotropins which are the luteinizing hormone, follicle stimulating hormone [3] .
Several common plants were reported for their ability to modulate male reproductive functions either through their fertility-enhancing properties or antispermatogenic and antisteroidogenic nature; some plants that have been used include Rauvolfia vomitoria [4] , Lophira lanceolata [5] , Xylopia aethiopica [6] , and Bulbine natalensis [7] .
Cissus populnea of Vitaceae/Amplidacea family is native to West Africa. It is locally known in Nigeria as 'Okoho' by the Idoma, Igala and Igbo tribes of Nigeria, 'Ogbolo or Ajara' by the Yorubas and 'Dafaaraa or Latutuwa' by the Hausas [8] . Cissus populnea plant is a savannah shrub with a height of about 10 cm long and with 7.5 cm in diameter. Abundant watery sap emanates from its stem when cut, and it has creamy flowers with blackish-purple fruits when ripe. The roots are succulent in nature and could be used for building when dried [9] . The stem bark contains tannins, cyanogenic glycosides, anthraquinones, saponins, carbohydrates, cardiac glycosides and flavonoids [10] . Methanolic extract of Cissus populnea was reported to have increased proliferation of sertoli cells TM4 in in vitro studies [11] .
Cissus populnea is one of several herbs sold in public areas by herb sellers in Nigeria with claims that it enhances fertility and reproductive activities. This study aimed at examining the ethanol infusion effect of Cissus populnea root on some reproductive indices of male Wistar rats. The rats were kept in clean cages with access to tap water and rat pellets after their daily doses throughout the experimental period.
Materials and methods

Plant material
Experimental setup
The animals were allowed to acclimatize for 14 days before the start of the experiment.
The experimental rats were selected into 4 different groups containing 5 animals in each group. These animals were administered 0.20 mL of distilled water, 0.05 mL, 0.10 mL, and 0.20 mL/kg body weight of ethanol infusion in each group, respectively. Administration was done by using oropharyngeal cannula orally once daily for 14 days between 09:00-09:45 am. During the experimental setup, the animals' weights were taken twice a week and recorded. The animals were then sacrificed on day 15, their blood samples collected, testis excised and homogenates obtained.
Assay kits were used for determining some of the parameters;
Products of Agappe Diagnostics Ltd, Switzerland were used for the determination of cholesterol while the hormonal assay kits [testosterone, follicle stimulating hormone (FSH) and luteinizing hormones (LH)] were products of Monobind Inc. Lake Forest USA.
The concentrations of these parameters in the serum were evaluated using the method described by the manufacturer in the instruction manual.
Other parameters assayed for in the testicular supernatant were total protein concentration described by Gornall et al [12] , total cholesterol based on the reaction outlined by Fredrickson et al [13] , glycogen [14] and sialic acid [15] . Warren [16] and Wright et al [17] described the procedures for the assays to evaluate the activities of alkaline phosphatase (ALP) and acid phosphatase (ACP).
Statistical analysis
All data obtained from this study were presented as mean ± standard error of mean. They were analysed using a one-way analysis of variance (ANOVA) with multiple comparisons. This was followed by the post-hoc Tukey HSD and values at P<0.05 were considered statistically significant.
Ethics
All applicable international, national, and/or institutional guidelines for the care and use of animals were followed.
Results
Effect of ethanol infusion of Cissus populnea root on testes-body weight
The testes-body weight were 1.38%, 1.32% and 1.31% at the various doses of 0.05, 0.10, 0.20 mL/kg body weight, respectively while the control value was 1.10%. The administration of ethanol infusion of Cissus populnea root increased significantly (P < 0.05) the testes-body weight ratio across all treated groups compared with the control.
Effect of ethanol infusion of Cissus populnea root on serum testosterone concentration
The serum testosterone levels were (2.70±0.14), (1.90±0.07) and (1.40±0.14) ng/mL at the various doses of 0.05, 0.10, 0.20 mL/kg body weight of infusion administered, respectively when compared with the control value of (1.00±0.65) ng/mL. The highest increase observed was detected in the animals that received infusion concentration of 0.05 mL/kg body weight while 0.20 mL/kg body weight of ethanol infusion had the lowest value. The serum testosterone level of the rats treated with ethanol infusion of Cissus populnea root was observed to increase significantly (P < 0.05); this increase was not observed to be significant in animals that were administered 0.20 mL/kg body weight of the infusion.
Effect of ethanol infusion of Cissus populnea root on serum LH concentration
LH levels were (3.50±0.21), (2.30±0.14) and (1.90±0.28) mlu/mL at the various doses administered when compared with the control which was (1.30±0.07) mlu/mL. The highest increase was detected in the animals that received infusion concentration of 0.05 mL/kg body weight which was 3.50 mlu/mL, 0.10 mL/kg body weight of ethanol infusion had 2.30 mlu/mL as the observed value while 0.20 mL/kg body weight of ethanol infusion had the lowest value which was observed to be 1.90 mlu/mL. When compared with the control, the level of the serum LH increase significantly (P < 0.05) but this showed a counter dose-dependent manner.
Effect of ethanol infusion of Cissus populnea root on serum FSH concentration
FSH levels were increased to (10.60±0.42), (9.20±0.28) and (4.25±0.25) mlu/mL respectively at the various doses administered when compared with the control which was (3.50±0.35) mlu/mL.
The highest increase observed for the serum FSH concentration was detected in the animals that received infusion concentration of 0.05 mL/kg body weight which was observed to be 10.6 mlu/mL, 0.1 mL/kg body weight of ethanol infusion had 9.2 mlu/mL while 0.2 mL/kg body weight of ethanol infusion had the lowest value observed to be 6.75 mlu/mL. A significant increase (P < 0.05) was observed in the FSH level in the animals administered with 0.05 and 0.10 mL/kg body weight of infusion when compared with the control. However, a non-significant increase was noted in animals that given 0.20 mL/kg body weight of the ethanol infusion of Cissus populnea root was not significant. 
Effect of ethanol infusion of Cissus populnea root on ALP activity
ALP activity levels were (9.58±0.41), (4.06±0.31) and (6.28±0. 19) nM/min/mg protein respectively at the various doses administered from control value of 2.59 nM/min/mg protein. The highest increase observed was detected in animals that received infusion concentration of 0.05 mL/kg body weight which was 9.58 nM/min/mg protein; animals that were administered 0.1 mL/kg body weight had 4.06 nM/min/mg protein which was the lowest observed value, while animals that received 0.20 mL/kg body weight had 6.28 nM/min/mg protein.
There was an increase significantly (P < 0.05) when compared with the control.
Effect of ethanol infusion of Cissus populnea root on testicular glycogen
Testicular glycogen levels were (7.88±0.62), (6.67±0.47) and (3.81±0.57) mg/100 mg glucose at 0.05, 0.10 and 0.20 mL/kg body weight respectively when compared with the control which was (3.13±0.12) mg/100 mg glucose. The highest increase observed was detected in animals that received infusion concentration of 0.05 mL/kg body weight while the 0.20 mL/kg body weight had the lowest value.
There was a significant increase (P < 0.05) across all treated groups except the 0.20 mL/kg body weight of the ethanol infusion of Cissus populnea root. 
Effect of ethanol infusion of Cissus populnea root on testicular cholesterol
Discussion
This present study displays in the experimental rats an overall elevation in the testes-body weight ratio after 14-day oral administration of the ethanol infusion of Cissus populnea root. This significant increase observed in the testes-body weight may be as a result of increased synthesis of testosterone and androgen since testes is an androgendependent organ [18, 19] . The study also reveals a direct relationship between testosterone level and testes-body weight. This finding corroborates the observation of Morakinyo et al [20] .
Also, it was noted that the administration of the ethanol infusion of
Cissus populnea root to experimental animals for 14 days increased significantly the serum testosterone concentration compared with the control. Testosterone secretion is stimulated by LH and its role is to enhance growth and secretory activity of the testes [21] . The increase in testosterone level observed in this study corroborates those of Etuk and Muhammad [5] , where they worked on the fertility enhancing effects of aqueous stem bark extract of Lophira lanceolata in male Sprague dawley rats; however, this result contradicts the result of Morakinyo et al [22] , where there was an observed reduction in the level of testosterone in arsenite-treated rats.
Administration of ethanol infusion of Cissus populnea root in this study to experimental animals increased significantly the level of serum LH. LH is responsible for stimulating testosterone production in leydig cells which subsequently stimulates spermatogenesis by acting on the sertoli cells and peritubular cells of the seminiferous tubules [21] . The result observed in this current study however refutes those of Yakubu [19] , where significant decrease in the level of serum LH level was detected after a 60-day oral administration of a crude alkaloid extract from Chromolaena odorata leaves to male rats in his study on spermatogenic and hormonal indices of male rats. In addition, the FSH level was observed in this study to increase in the experimental animals administered with the infusion. FSH facilitates the testosterone passage via sertoli-sertoli junctional complexes by acting on sertoli cells, leading to the androgen-binding protein production [3] . This result is in agreement with the findings of Akdogan et al [23] . In their report, on the effects of peppermint tea on plasma testosterone, LH and FSH in rats, there was an increase in plasma FSH level during their study.
Following the 14-day administration of ethanol infusion of Cissus populnea root to experimental animals, testicular ACP level was observed to increase significantly. ACP is an enzyme in an acidic medium which hydrolysis orthophosphoric acid esters [24] . Its gene is up-regulated and down-regulated by androgens and estrogens respectively [25] . The result of this current study however disagrees with those of El-kashoury [26] , where there was significant decrease in testicular ACP level previously administered with profenofos.
An elevation in level of ALP was noted in this present study following a 14-day administration of ethanol infusion of Cissus populnea root. ALP has previously been associated with the secretion of gonadotropins and also intracellular and extracellular transportation of metabolites during steroidogenesis [19, 27] . The result of this current study is in contrast with Sadik [28] , where there was significant reduction in ALP level following the administration of cadmium to adult male wistar rats for 4 weeks while investigating the effect of zinc and diallyl sulphide on testicular steroidogenesis in cadmium-treated male rats.
There was significant increase in testicular protein level after the administration of ethanol infusion of Cissus populnea root to male rats for 14 days. This may be as a result of the stimulation of growth proteins and ribonucleic acid synthesis [29, 24] . The increase in testicular total protein observed agrees with the result of Joshi et al [30] , where testicular protein content in rats was observed to increase significantly following their 30-day exposure to chlorpyrifos.
Testicular glycogen level was observed to increase significantly in this study after the administration of the infusion. Testicular glycogen has been associated with a supply of energy for testicular cells and tissue, and an increase in glycogen level may also enhance synthesis of protein in spermatogenic cells due to its dependence on glucose for energy supply [19] . This observation corroborates with the findings of the testicular protein level from this current study. The observation in this study however negates the report of Yakubu et al [31] .
The level of testicular cholesterol increased significantly following the 14-day administration of the infusion. Cholesterol is the main precursor of steroid hormones like testosterone and it is also associated with normal testicular function [32] . The significant increase in testicular cholesterol level observed may imply increased testicular function in the male rats. This result is in line with those of Yakubu and Afolayan [33] , where there was significant increase in testicular cholesterol level of male wistar rats administered with aqueous extract of Bulbine natalensis stem as a result of enhanced anabolic and androgenic activities of the plant.
From this current study, it was observed that administration of ethanol infusion of Cissus populnea root to male Wistar rats for 14 days at 0.05 mL/kg body weight of the infusion increased significantly the concentration of serum testosterone, luteinising and FSH, as well as testicular ALP , protein, glycogen and cholesterol.
However, there was gradual reduction in the level of these testicular function indices overall which may be as a result of an increase in ethanol which has previously been reported to be detrimental to male reproductive health [34, 35] . Therefore, there is a need to be cautious about the intake of ethanol infusion of Cissus populnea root when the dosage exceeds 0.05 mL/kg body weight.
The result of the histopathology from this study shows a gradual deterioration of the testicular tissue from slight distortion to hypertrophy in animals administered with ethanol infusion of Cissus populnea root after 14 days oral administration. This may be as a result of the ethanol used as the solvent for preparing this infusion as ethanol has adverse effect on the reproductive system [34, 35] .
The ethanol infusion of Cissus populnea root at 0.05 mL/kg body weight administered to experimental animals in this current study resulted in increased level of testicular function indices and serum hormones of the animals after 14 days oral administration. This implies that Cissus populnea root at this dosage has the potential to boost the secretion of testosterone, the gonadotropins as well as other testicular function indices. However, there may a need to be cautious about dosages exceeding this as concentrations of ethanol infusion of Cissus populnea higher than 0.05 mL/kg body weight was found to gradually deplete the level of reproductive indices assayed for in this current study.
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